In this paper the interaction of periodic parameter excitation with forced excitations of in general non commensurable basic frequencies is under consideration. The method of enlarged systems serves as a toolbox, where the central idea of the method and the structure of the enlarged system are in the same way derived as the complete homogeneous and the manifold of inhomogeneous solutions are discussed. The application to a realisation of a high speed twin-disc rotor-bearing-system of a textile spinning turbine illustrates the resonance effects that haven't been characterized before.
MOTIVATION AND INTRODUCTION
The development of machines emphasizes single functional units or modules. Priority is given to projects which increase machine performance and productivity. These developments do not always comply with the rules of traditional mechanical engineering. New effects and phenomena that haven't been analysed before must be considered. However this can be supported and accelerated by modern sophisticated modelling techniques and computer simulations. A part of the development of the heart of a rotor spinning machine--the high speed rotor bearing of the spinbox-turbine, see Hanzel [1985] , installed in the latest machine generation, see Socha et al. 1991 ] ,--will be considered here. Vibration phenom-81 ena occurring at very high speeds (80000-130000 rpm) called for modification of the twin-disc bearing. Weck et al. [1984] have supposed that the elastic inhomogeneities of the twin-disc coating and the driving belt have effects on rotor vibration. A simple plain model will lead to a set of inhomogeneous differential equations with periodic parameter excitation and periodic forcing, first mentioned by Weyh [1993] , where the basic frequencies are quite different and normally non commensurable.
Vibrations of linear parameter excited systems are mainly analysed by simulation techniques (initial value problems). A detailed survey of these methods for the stability problem including literature specifications are given in Friedemann et al. [1977] and Weyh et al. [1991] . [1981] and Laschet [1988] . These time-consuming problems can be avoided when replacing the time-variant basic system by a time-invariant description of higher order with the same or in the case of approximation nearly the same quality of solution. This idea can be realized by a simple substitution of the system states.
The method is quite similar to Hill and Bolotin (Bolotin [1964] ) for the homogeneous part, because the enlarged system matrices are equivalent to the generalized Hill matrices introduced in Weyh [1989 Weyh [ , 1990 , where the approximation error and the convergence problems are widely discussed. Here the new idea serves for interpretation and generalization of the method. It enables us to find general resonance conditions of the interaction of parameter and forced excited vibrations with commensurable or non commensurable basic frequencies.
where dots denote derivatives with respect to time t.
The Tp 2rr/)-periodic, in general real, f f-system matrices will be represented by finite complex
Fourier-matrix-series
k=-K with j= --1), to simplify the following procedures. h(t) stands for the Tf 2wkq-periodic f 1-forcingvector.
Enlarged System
The complex substitutions yp(t) y(t)dpat,)p -P(1)P
(p -P(1)P stands for all values p of the integer interval [-P, P]) transform the basic system (2) under consideration of the complex series of system matrices (3) into 2P + coupled matrix differential equations of basic order 2f, see Weyh [1993] and ViehHweger [1993] . With Table I . The hyper-matrices M, P, Q can be constructed algorithmically by means of the system coefficient matrices M, P, Q of the basic system (2) given in (3). The hyper-matrices are closely connected with the Hill matrix approximations by Bolotin [1964] and are exactly the same as given in the generalized Hill matrix approximation by Weyh [1989 Weyh [ , 1990 if using real instead of complex Fourier-series representations in (3) and (4). The timevarying part of (6) consists of Tp-periodic coefficientmatrices of higher harmonic ordersmand this is the speciality of the enlarged systemmonly higher than the substitution order P. The f 1-dimensional subvectors hp(t) h(t)da', yp -P(1)P (7) oi the hyper-vector of inhomogeneity on the right side of (6) [1975] . (1)N eigen-values
It can be shown (for a detailed derivation see Naab et al. [1988] , Neumann et al. [1994] ) that the eigenvalues coincide with the 2f characteristic exponents i + yto of the basic system (2) except for multiple of the parameter excitation frequency f and approximation errors Aid in the form
From the afore-mentioned connection it follows, that the stability conditions of the periodic system (2), normally analysed with the help of the characteristic multiplier method (Weyh et al. [1991] ), are directly recognizable by the real parts of the eigen-values of (10) (see Mtiller et al. [1976] ) here in the chosen approximation. The system (2) is:
asymptotically stable, if all eigen-values of (10) have negative real parts unstable, if at least one eigen-value of (10) has a positive real part ReX > 0, )for one
Only for critical eigen-values )t of (10) (12) mi+jl.q'rl+p,i= -f(1)f 4= 0, j,p -P(1)P,) q -1 (1) (-0 (P j)fL ) 4= P, q 0 eigen-frequency equals harmonics of parametric frequency, interaction of forced and parametric resonance (-Oi qn -}-(P -J)f,J 4= P, q 4= 0 eigen-frequency equals linear combinations of harmonics of forced and parametric frequencies.
APPLICATION TO OPEN-END ROTOR-BEARING-SYSTEMS Description of System
The picture in Figure shows the The constant parts of the system matrices of (3) The system parameters, see Table II , point to es- sential background information about the modelling process.
Results
Resonance points For quick predictions and a first orientation in the parameter space of interest--parametric frequency via forced frequency--the resonance conditions (13), (14), (25) Response spectra The solutions of equation (21) with (22) solutions) are shown in Figure 4 against spinning turbine frequency q. Only four isolated forced resonances in the case of homogeneous elasticity of the twin disc coating are shown. These two plots for the undamped system without parameter excitation are used as references. In Figure 5 two neighbouring interaction resonances can be detected beside each main forced resonance in the undamped case, while in the damped case, Figure 6 , only little information about these interactions are recognizable. In the last four plots hull curve representations of the centre part of the amplitude vector For additional information see also Table II .
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